Background: Seborrheic dermatitis (SD) is a multifactorial disease; Malassezia species play an important role in its pathogenesis. Objective: We aimed to determine whether a cream containing climbazole/piroctone olamine (C/P cream), antifungal agents with expected efficacy against Malassezia species, could improve SD symptoms. Methods:
INTRODUCTION
Seborrheic dermatitis (SD) is a chronic dermatitis that affects 1%∼3% of the population 1 . SD is characterised by sharply defined erythematous patches and plaques with greasy-looking, yellowish scales on seborrheic areas such as the scalp, face, upper trunk, and flexures. The growth of Malassezia species was suggested as an important pathogenic factor of SD 2, 3 , as demonstrated by studies that showed that SD was improved by the use of antifungal agents 4, 5 . Current treatment options include antifungal drugs, anti-inflammatory agents (steroids, calcineurin inhibitors, and lithium salts), keratolytic agents, and phototherapy. SD is usually treated with topical corticosteroids and antifungals. However, prolonged use of topical steroids may cause adverse effects such as skin atrophy, telangiectasia, rosacea, and acne. The use of topical antifungal agents in the treatment of mild SD is well established. Itraconazole can be prescribed for moderate to severe facial SD and result in significant clinical improvement and decrease in the growth of Malassezia species 6 . The cream containing climbazole/piroctone olamine (C/P cream) (Sensibio DS+ Ⓡ ; Bioderma Laboratoire Dermatologique, Lyon, France) tested in this study is a cosmetic product containing piroctone olamine and climbazole. Piroctone olamine, the ethanolamine salt of the hydroxamic acid derivative piroctone, is a hydroxypyridone anti-mycotic agent. Climbazole is an imidazole antifungal agent. A non-steroidal cream containing piroctone olamine was reported to effectively treat SD by inhibiting the growth of Malassezia species 7 , and a shampoo containing piroctone olamine and climbazole effectively reduced dandruff by suppressing the growth of Malassezia 8 .
However, no study thus far has reported on an overthe-counter product containing piroctone olamine and climbazole for the treatment of facial SD. We aimed to evaluate the efficacy and safety of C/P cream in the treatment of facial SD.
MATERIALS AND METHODS

Patients
This 4-week single-center, open-label split-face study was approved by the institutional review board of Konkuk University Medical Center (IRB no. KUH1120054). All of the patients included in this study signed an informed consent form. The participants were 24 patients diagnosed with facial symmetric mild-to-moderate SD by a dermatologist. The severity of SD 9 was determined by using two scales; one scored erythema, plaque, infiltration, and pustules as absent (0), mild (1), moderate (2), or severe (3), and the other scored the extent of lesions as less than 10% (1), 10%∼30% (2), 30%∼50% (3), 50%∼70% (4), or more than 70% (5). The total score was calculated by multiplying the severity by the lesion area of erythema, plaque, infiltration, and pustules, respectively, and adding the scores of all four items. The total scores were categorised into mild (≤5 points), moderate (6∼11), or severe (12∼ 60). Patients who used any oral drug that could affect the condition of the skin (steroids, antibiotics, antifungal agents, antihistamines, etc.) within 4 weeks of study entry or any therapeutic external preparation within 2 weeks of study entry were excluded. Patients with a skin disease other than SD and those who underwent a facial procedure within 6 months of study entry were excluded as well.
Treatment and assessment
The patients were instructed to apply C/P cream (Sensibio DS+ Ⓡ ), which contains climbazole and piroctone olamine, on the right side of the face and emollient cream (Atoderm Ⓡ ; Bioderma Laboratoire Dermatologique), a moisturizer that does not contain climbazole and piroctone olamine, on the left side every morning and evening for 4 weeks. The use of other cosmetics, therapeutic external preparations, and drugs that could affect the clinical trial was prohibited during the study. At the baseline visit and at 4 weeks, (1) Sebumeter Ⓡ and Mexameter Ⓡ (Courage & Khazaka Electronic GmbH, Cologne, Germany) were used to measure the casual sebum level and most intense erythema on the forehead and cheek on both sides; and (2) patients were asked to subjectively score their itchiness, burning sensation, erythema, scaling, and tightness on each side of the face as none, 0; mild, 1; moderate, 2; or severe, 3. This research was conducted in winter from November to December.
Safety evaluation
Safety was assessed by inquiring about local irritation or other adverse events by using questionnaires.
Antifungal assay
To determine the antifungal activity of the C/P cream and emollient cream against specific Malassezia species strains, their minimal inhibitory concentrations (MICs) were measured in a laboratory. MIC is the lowest concentration of antifungals or antibiotics that will inhibit the visible growth of a microorganism after overnight incubation.
Malassezia restricta, M. sympodialis, and M. slooffiae were isolated and identified at Konkuk University Medical Center, South Korea, and M. globosa (Centraalbureau voor Schimmelcultures [CBS] 7966) was purchased from the CBS Fungal Biodiversity Center. These strains were grown on Leeming and Notman agar medium 10 (0.5% glucose, 1% polypeptone, 0.01% yeast extract, 0.8% bile salt, 0.1% glycerol, 0.05% glycerol monostearate, 0.05% tween 60, 1.2% agar, 0.5% whole fat cow milk, and 170 μg/ml chloramphenicol). Susceptibility testing of the C/P cream and emollient cream was performed according to a method described previously 11 . Antifungal assays were repeated twice, and identical results were obtained.
Statistical analysis
The Wilcoxon signed rank test was used to compare the values in the C/P cream-treated area with respective values in the emollient-treated area. Significance levels were set at p＜0.05. Analyses were performed using SPSS ver.
23.0 for Windows (SPSS Inc., Chicago, IL, USA). 
RESULTS
Study population
The patients' mean age was 35.37 years. We enrolled 24 Korean patients (6 men and 18 women), none of whom withdrew from the study.
Efficacy of the C/P cream in comparison with that of the emollient cream 1) Assessment of the changes in the objective SD symptoms
The casual sebum level and extent of erythema on the leftand right-side forehead and cheek were measured by using Sebumeter Ⓡ and Mexameter Ⓡ , and compared at baseline and 4 weeks. At week 4, the C/P cream-treated area showed a statistically significant reduction in the median casual sebum level on the forehead (marked with a black bold line in Fig. 1 ) compared to the emollient cream-treated area (p=0.011). On the cheek, the C/P cream-treated area also showed a lower median casual sebum level compared to the emollient-treated area, but this was not statistically significant (Fig. 1) . At week 4, the C/P cream-treated area showed a statistically significant reduction (p=0.002) in median erythema level compared to the emollient cream-treated area, on both the forehead and the cheek (Fig. 2) .
2) Evaluation of the changes in the subjective SD symptoms A questionnaire was administered at baseline and 4 weeks to determine differences in symptoms between the left and right sides of the face (Fig. 3, 4) . The week 4 median itchiness, burning sensation, and erythema were reduced in both the C/P cream-treated area and emollient cream-treated area, suggesting that the patients' subjective symptoms improved with both treatments; there was no statistically significant difference between the two treatments.
Adverse events
No serious adverse effects requiring medical treatment were reported, although 2 patients reported a temporary pricking sensation after application of the C/P cream.
Antifungal activity of the C/P cream and emollient cream
The antifungal activity of the C/P cream and emollient cream against Malassezia species was measured ( Table 1 ).
The MIC of the C/P cream, an index indicating antifungal agent activity, was 0.625 mg/ml for M. restricta, 5 mg/ml for M. globosa, 0.625 mg/ml for M. sympodialis, and 2.5 mg/ml for M. slooffiae, indicating antifungal activity against all the aforementioned species. The C/P cream is a crude mixture. The concentrations of climbazole and piroctone olamine, which are single compounds with antifungal action, were re-evaluated in order to determine whether their antifungal activities were proportionate to the amounts of their active ingredients. This substance was also shown to be effective against M. restricta, M. globosa, M. sympodialis, and M. slooffiae. The emollient cream was not observed to exert any antifungal activity.
DISCUSSION
The pathophysiological mechanism of SD remains unclear.
Although Malassezia species are a part of the normal microflora found on normal skin of 75% to 98% of healthy adults 12 , its role in SD has been supported by the positive correlation between the population density of Malassezia species on the skin and the severity of SD 13 , as well as the high therapeutic efficacy of antifungal agents in SD 14 Piroctone olamine [1-hydroxy-4-methyl-6(2,4,4-trimethylpentyl)-2(1H)-pyridone, 2-aminoethanol salt] is a pyridine derivate, as is ciclopirox olamine. It is a component of many cosmetic products such as anti-dandruff shampoo and is known to have a fungicidal effect. Piroctone olamine penetrates the cell membrane and forms complexes with iron ions, inhibiting energy metabolism in mitochondria 18 . Piroctone olamine has been approved for use in cosmetic products at a maximal concentration of 1% (rinse-off products) or 0.5% (other products).
The C/P cream tested in this study is a topical agent containing both climbazole and piroctone olamine, as well as other effective ingredients such as 18β-glycyrrhetinic acid and golden algae extract (Laminaria ochroleuca). 18β-glycyrrhetinic acid is extracted from the root of the liquorice plant, a perennial plant with upright stems covered with leaves and lilac-coloured flowers. It provides immediate relief owing to its endogenous anti-inflammatory properties dic extract of golden algae. It reduces skin reactivity by inhibiting the synthesis of the cytokines involved in the irritation 20 .
The patients in the present study showed significant improvements in SD according to the results of Sebumeter Ⓡ and Mexameter Ⓡ . In the patient satisfaction questionnaire, patients reported an improvement in itchiness, burning sensation, and erythema in both the C/P cream-treated right side of the face and emollient cream-treated left side. But because there was no marked difference between the right and left sides, it may have been difficult for patients to sense and describe the symptom improvement separately. The advantages of the C/P cream are that it can be purchased without prescription, can replace lotion applied every day after facial wash, and can mitigate the symptoms of SD without serious adverse effects that require medical treatment. The disadvantage was that the moisturising effect was not sufficient to prevent skin tightness in the winter; the patients often mentioned that they would like to use it in the summer.
We determined the MICs for Malassezia species in order to examine the antifungal activity of the C/P cream. The C/P cream is a crude mixture, and simple comparison with single compounds in terms of MIC for Malassezia species may not be feasible. To resolve this issue, we re-examined the concentrations of climbazole and piroctone olamine to determine whether their active ingredients validly reflected their degree of antifungal activity. Schmidt and Rühl-Hörster 21 found that the MICs of climbazole and ketoconazole for M. furfur were ＜0.06 μg/ml. In another study, Schmidt 22 found that the MIC of climbazole for M. pachydermatis was ＜0.06 μg/ml. Prabhamanju et al. 23 reported that for M. furfur, the MIC of climbazole was 20 μg/ml and that of piroctone olamine was 5 μg/ml. Gokulshankar et al. 24 reported that the MICs of climbazole for M. furfur, M. globosa, and M. restricta were 62.5, 125, and 125 μg/ml, respectively. Considering the above-mentioned findings in the literature, climbazole and piroctone olamine in the C/P cream can be expected to have antifungal activities against M. restricta, M. globosa, M. sympodialis, and M. slooffiae. Malassezia species, which would result in an improvement in the symptoms of SD. Looking at the final results, since the symptoms of SD seemed to improve in the C/P cream-treated right facial side which also showed a notable reduction in its casual sebum level, this suggests that reducing the casual sebum level may assist indirectly in improving the symptoms of SD. This study has some limitations. This was a simple, single-center open-label study. The number of patients was small (n=24). The long-term efficacy of the C/P cream tested was not evaluated. Therefore, additional clinical data are required to determine the long-term efficacy and safety of the C/P cream tested.
In conclusion, based on the reduction of the casual sebum level and the extent of erythema, this C/P cream with antifungal activity against Malassezia species seems useful for the treatment of mild-to-moderate SD. The objective improvement in SD was associated with anti-Malassezia activity of C/P cream. distributed to the patients free of charge, but had no participation in the study proceedings, data analysis, or the proc-ess of manuscript preparation and submission.
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